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ABSTRACT 

PURPOSE: To flatten a difference in level and to enhance the thermal conductivity of the title dev 
wherein a mixed gas by TEOS gas and by TEB gas and a mixed gas by phosphine gas and. by oxyg 
alternately and a chemical vapor growth reaction is executed under a reduced pressure. 

CONSTITUTION: By performing a plasma chemical vapor growth reaction, an Si(sub 3)N(sub 4) 
to cover a Cu interconnection layer 3 in order to prevent the Cu interconnection layer 3 from beinj 
mixed gas by tetraethoxysilane TEOS gas and by triethyl borate TEB gas and a mixed gas by phos 
oxygen gas are introduced alternately; a chemical vapor growth reaction is performed at a growth 
deg.C and under a reduced pressure of lTorr. Thereby, a borophosphosilicate glass BPSG film 5 \ 
formed on the Si(sub 3)N(sub 4) film 4. An Al interconnection layer 7 is formed so as to come int< 
interconnection layer 3 via a contact hole 6; after that, an LSI semiconductor chip 8 is mounted an 
interconnection layer 7. The difference in level which is produced on the surface of the interconnec 
by an interlayer insulating film. 
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(54) Name of Invention: Method of Manufacturing Semicon- 
ductor Device 

(57) Summary 

Purpose: This invention has the purpose of providing a 
method for manufacturing a semiconductor device that can 
use interlayer dielectric film to adequately flatten 
stepping caused by the wiring layer surface, that can also 



raise the heat transmissibility, can make heat radiation 
away from semiconductor chips improve and can yield a 
stable semi- conductor device of high reliability. 

Makeup: Made up to include a process which forms silica 
glass film containing boron and phosphorus (BPSG film) on 
underlying film (4) by introducing a mixture of 
tetraethoxy- silane gas (TEOS gas) and tetraethylborate gas 
(TEB gas), alternating that with a mixture of phosphene gas 
(PH 3 gas) and oxygen gas (0 2 gas) to induce chemical vapor 
deposition reactions under low pressure. 

Scope of Patent Application 

Application Item 1: A method of manufacturing a 
semiconduc- tor device which is characterized by including 
a process to form silica glass containing boron and 
phosphorus (BPSG film) on underlying film (4) by 
introducing a mixture of tetraethoxysilane gas (TEOS gas) 
and tetraethylborate gas (TEB gas), alternating that with 
phosphene gas (PH 3 gas) and oxygen gas (0 2 gas) and inducing 
a chemical vapor deposition reaction under low pressure. 

Application Item 2: A method of manufacturing a 
semiconduc- tor device which is characterized by the above- 
noted silica glass film containing boron and phosphorus 
(BPSG film) being an interlayer dielectric film. 

Detailed Explanation of Invention 

0001 Field for Commercial Utilization: This invention 
bears on a method for manufacturing a semiconductor device, 
and specifically bears on a method of manufacturing a semi- 
conductor device which has a process to form an interlayer 
dielectric film that can cause the surface flattening and 
heat radiation to improve. 

0002 In recent years, in data equipment requiring the 
high-speed processing of mini-computers a problem has 
become delays in the wiring (print boards) between ICs; 
and ways are being devised to systemize entire wafers by 
attaching IC chips directly wired onto them. With this, 
manufacturing methods for semiconductor devices are being 
sought that especially can flatten the wiring steps between 
IC chips formed on the wafers and can yield a semiconductor 
device of high reliability. 



0003 Existing Technology: Figure 3 is a diagram 
explaining the usual method of manufacturing semiconductor 
devices. In Figure 3, 31 is a substrate of silicon or the 
like. Silicon dioxide film 32 is formed on this substrate 
31 to be a dielectric film. 33 is a wiring layer of 
aluminum, formed on Si0 2 film 32 and patterned, creating a 
step on its surface. 34 is a polyimide resin film 
constituting an interlayer dielectric film formed to cover 
wiring layer 33. Contact hole 35 is made in this polyimide 
resin film 34, exposing wiring layer 33. 36 is an aluminum 
wiring layer that makes contact with wiring layer 33 
through contact hole 35. On this aluminum wiring layer 36 
are arrayed and attached semiconductor chips such as an LSI 
(IC) . 

0004 Next I will explain this manufacturing method. 
First, silicon substrate 31 is thermo-oxidized to form Si0 2 
film 32, and aluminum is laminated on Si0 2 film 32 by 
sputtering to form an aluminum film. After that RIE is 
used to pattern the aluminum film and form aluminum wiring 
layer 33. The steps created on the surface of aluminum 
wiring layer 33 at this time then have polyimide resin 
applied to cover alumi- num wiring 33. It is cured at 
roughly 450-500EC to form polyimide film 34, which will 
become interlayer dielectric film. Polyimide resin film 34 
is patterned by RIE or the like to form contact hole 35, 
which exposes aluminum wiring layer 33. 

0005 Then aluminum wiring layer 36 is made to make contact 
with aluminum wiring layer 33 within contact hole 35. By 
attaching and positioning LSI semiconductor chip 37 on 
aluminum wiring layer 36, one can get the semiconductor 
device shown in Figure 3. 

0006 Problems the Invention Seeks to Resolve: With the 
usual semiconductor manufacturing method described above, 
one has done the flattening of the stepping arising on the 
surface of wiring 33 and the insulation between wiring 
layers 33 and 36, with polyimide resin film 34 serving as 
the interlayer dielectric film. However, with the demand 
these days for extreme element miniaturization, the 
problems have arisen that with this polyimide resin film 34 
the film thickness is too great and surface flattening 
inadequate. Also, it has been a problem that with this 
polyimide resin film 34 heat transmissibility is low and 
its ability to radiate away heat from semiconductor chip 37 
is poor. 



0007 So, this invention has the purpose of providing a 
method for semiconductor device manufacture which can 
adequately flatten with the interlayer dielectric film the 
stepping created at the wiring layer surface, also improve 
heat transmissibility by the interlayer dielectric film and 
improve its ability to radiate away heat from the semicon- 
ductor chip. 

0008 Means to Resolve Problems: To attain the above 
purposes, the semiconductor device manufacturing method of 
this invention is one that includes a process to form a 
silica glass film containing boron and phosphorus (BPSG 
film) on the underlying film by introducing a mixed gas of 
tetraethoxysilane gas (TEOS gas) and triethylborate gas 
(TEB gas) , alternating that with a mixture of phosphene gas 
(PH 3 gas) and oxygen gas to produce a chemical vapor 
deposition reaction at low pressure. 

0009 For the underlying film of this invention one could 
use semiconductor films of silicons, dielectric films of 
Si0 2 , Si 3 N 4 , etc., or conductive films such as copper or the 
like. In this invention it is desirable that the 
deposition temperature be between 750EC and 900EC, because 
below 750EC the deposition rate drops sharply. Also, above 
900EC is not desirable because higher temperatures markedly 
worsen the BPSG film's quality. 

0010 Effects: As shown in Figures 1 and 2, to be discussed 
later, with this invention one can make BPSG film 5 of a 
more uniform quality than with the usual polyimide resin 
film because one forms BPSG film 5 while doing reflow below 
the melting point of the copper that makes up copper wiring 
layer 3 and so can adequately flatten the stepping created 
on the surface of copper wiring layer 3. Moreover, by 
giving BPSG film 5 a heat transmissibility superior to that 
of the usual polyimide resin film, one can improve its 
ability to radiate away heat from semiconductor chip 8. 

0011 Application Examples: I will explain this invention 
below basing that on the figures. Figures 1 and 2 are 
diagrams illustrating one application example of this 
invention's method of manufacturing a semiconductor device. 
Figure 1 is a diagram explaining the method of 
manufacturing a semiconductor device following an 
application example from this invention, while Figure 2 is 
a sketch showing a model of the chamber from this 
invention's application example. In Figures 1 and 2, 1 is 



a substrate made of silicon or the like; and silicon 
dioxide film 2 is formed on this substrate 1 to be a 
dielectric film. 3 is a copper wiring layer formed by 
patterning copper film formed on Si0 2 film 2; and Si 3 N 4 film 
4 is formed on this copper wiring layer 3 to prevent its 
oxidization. 5 is BPSG film formed on silicon nitride film 
4. Contact hole 6 is made in this BPSG film 5 and SiN 

3 4 

film 4, exposing copper wiring layer 3. 7 is an aluminum 
wiring layer of aluminum or the like to make contact with 
copper wiring layer 3 via this contact hole. Semiconductor 
chip 8, such as an LSI (IC), is installed on aluminum 
wiring layer 7. 9 is the chamber. 

0012 Next I will explain this method of manufacture. 
First, as shown in Figure 1(a), silicon substrate 1 is 
thermo-oxidized to form SiO film 2 some 3000D thick. After 

2 

laminating copper on silicon dioxide film 2 by sputtering 
or the like to form a copper film some 2~3Fm thick, one 
uses RIE or the like to pattern the copper film and form 
copper wiring layer 3. This produces stepping on the 
surface of copper wiring layer 3. 

0013 Then, as shown in Figure 1(b), SiH 3 and NH 3 gases are 
introduced and a plasma chemical vapor deposition reaction 
(CVD) is done at lTorr and a deposition temperature of some 
350EO400EC so as to form SiN film 4 some 3000-5000D thick 

3 4 

to cover copper wiring layer 3 and prevent its oxidation. 
At this time, the surface of silicon nitride film 4 also is 
affected by the stepping on the surface of copper wiring 
layer 3 and gets stepping. 

0014 Now, as shown in Figure 1(c), a mixture of TEOS gas 
and TEB gas is introduced, alternating with a mixture of PH 3 
gas and 0 2 gas and a chemical vapor deposition reaction is 
done at a deposition temperature of 800EC and lTorr 
pressure to form flat-surfaced BPSG film 5 some lOFm thick 
on Si 3 N 4 film 4. Here the test material is arranged in a 
round chamber, as shown in Figure 2; and introduction of 
the above-noted mixed gases is done as they circle around 
the center. 

0015 Then contact hole 6 is formed in BPSG film 5 and Si N 

3 4 

film 4 to expose copper wiring layer 3. After aluminum 
wiring layer 7 is formed to make contact through this 
contact hole 6 with copper wiring layer 3, one can mount 
LSI semiconductor chip 8 on aluminum wiring layer 7 to 



yield the semiconductor device shown in Figure 1(d). 

0016 I.e., with this application example one forms BPSG 
film 5 on Si 3 N 4 film 4 by introducing a mixture of TEOS gas 
and TEB gas alternately with a mixture of PH 3 gas and oxygen 
gas and does a chemical vapor deposition reaction at a 
deposition temperature of 800EC and a low pressure of 
lTorr. Thus, because one forms BPSG film 5 while reflowing 
at less than the melting point of copper, which makes up 
copper wiring layer 3, one can form good BPSG film 5 of a 
more uniform quality than with the usual polyimide resin 
film and can do adequate flattening of the stepping that 
arises on copper wiring layer 3's surface. 

Moreover, since one has made BPSG film 5 with a heat trans- 
missibility superior to that of the usual polyimide resin 
film, it can improve the radiation of heat away from 
semiconductor chip 8. Hence, it can yield a stabilized 
semiconductor device of high reliability. 

0017 With the above application example, I have explained 
the desirable form of copper wiring layer 3 used from the 
aspect of durability in heat and conductivity; but this 
invention is not limited to that, for it would apply also 
if using such high melting-point metals as tungsten or 
molybdenum, which have better heat durability than 
aluminum. 

0018 Invention's Effectiveness: This invention has the 
effect that one can use the interlayer dielectric film to 
adequately flatten the stepping created on the wiring layer 
surface, can also improve the heat transmissibility of the 
interlayer dielectric film and can raise the radiativity 
for heat from semiconductor chips, thus yielding a 
stabilized semiconductor chip of high reliability. 

Simple Explanation of Figures 

Figure 1 is a diagram illustrating the method of 
fabricating a semiconductor device as worked out in one 
application example of this invention. 

Figure 2 is a sketch of the chamber devised in one applica- 
tion example of this invention. 

Figure 3 is a diagram showing the method of manufacturing 
an example of the usual semiconductor device. 



Explanation of Keying Symbols 



1, 31 ... Silicon substrate 

2, 32 ... Silicon dioxide film 

3, 33 ... Copper wiring layer 

4 Underlying Si N film 

3 4 

5 BPSG film 

6, 35 ... Contact hole 

7, 36 ... Aluminum wiring layer 

8, 37 ... Semiconductor chip 
9 Chamber 

34 Polyimide resin film 
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